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Abstract 
Unequal retinal illuminances and target contrasts and ghost images 
of anaglyphs are known to affect binocular vision. These properties 
were studied in red-green anaglyphic materials. For all three pairs of 
red-green glasses tested the relative photometric flux passed by the 
green lens was higher than that of the red. Differences ranged from 
15.3% to 33.1%. In all combinations tested, contrast was also higher 
through the green lens when viewing red acetate than it was for the red 
lens when viewing green acetate. This suggests that red-green anaglyphic 
materials can affect binocular vision by altering the equality of retinal 
illuminances and by affecting suppression tendencies. 
Properties of Anaglyphic Materials that Affect the 
Testing and Training of Binocular Vision 
Anaglyphic testing and training devices are an important part of an 
optometric practice. They provide one of the few ways to monitor monocular 
vision under binocular viewing conditions. Many optometrists have felt that 
the anaglyphic testing and training materials currently used can elicit a 
latent binocular problem due to their unequal transmission characteristics.1 
It is thus important to recognize what, if any, problems exist and how those 
problems can be corrected or avoided. 
Normal binocular vision requires approximately equal retinal illuminances. 
This implies that comparable monocular brightness inputs will reach the visual 
cortex. It has been established that the monocular retinal illuminances can 
vary, in normal observers, by 2.5 log units without complete loss of binocular 
vision, although distortion of visual space does result from imbalances as 
small as 0.1 log unit (26% difference).2 Unequal retinal illumination has been 
reported to affect stereopsis3,4, orientation of apparent frontoparallel planes, 
and position of the projection center.6 A recent study of differences in 
monocular contributions to brightness revealed that abnormal stereothresholds 
are associated with greater than normal inequalities in monocular contributions 
to brightness under binocular viewing conditions.7 
Equal retinal illuminances are desired when testing and training binocular 
patients. In addition to the aspects just listed, unequal retinal illuminances 
could precipitate suppression. Conversely if a patient is known to suppress, 
unequal retinal illuminances could ameliorate suppression responses. This 
is commonly used in anti-suppression training. It is, thus, very important for 
the clinician to know the amount of photometric flux transmitted through the 
red lens compared to that of the green in order to determine what effect it 
could have on the testing and training of binocular vision. 
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Target contrast is another factor to consider when training a patient with 
suppression. If the contrast between the figure and ground is high, there is 
less likelihood of suppression. Again, the two images should have equal con-
trast to avoid suppression tendencies, and it should also be possible to present 
a higher contrast image to a suppressing eye to overcome suppression. 
Finally, ghost images produced by anaglyphs must be considered. If the 
red or green dye of the anaglyph is not matched to the corresponding dye of the 
glasses a faint image of the presumably excluded detail is seen. This binocular 
"crosstalk" can reduce the depth effect of the anaglyphs.8 
In this study we attempted to quantify various transmissive characteristics 
of red-green anaglyphic materials used by optometrists. The study focuses on 
three comparisons: the relative photometric flux transmitted by the red lens com-
pared vli th that of the green, the contrast seen through the red lens when looking 
at anaglyphic material compared with that of the green, and finally the contrast 
of the ghost image seen through the red lens compared with that seen through the 
green. 
~!ethods: 
To arrive at the relative photometric flux which was transmitted through 
the lenses, light from a tungsten source was first selected by narrow band 
interference filters. The filters transmitted 400, 440, 480, 500, 520, 540, 560, 
580, 600, 620, 660 and 700nm. Each had an approximate band width of 10nm at half 
maximum. At each wavelength the percent transmission through the green and red 
lenses was noted using both a UDT 11A detector system with a radiometric probe 
and a Tektronix J-16 detector system with a J6512 probe. The average values 
obtained with the two systems are used as the transmission data at each wavelength. 
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For each lens tested, the wavelength with the highest transmission was given 
an arbitrary reference number of 10. A relative transmission value was then 
calculated for each wavelength for each lens by the following formula: 
(%Trans/Highest% Trans) x 10, Each relative transmission value was then 
multiplied by the relative luminous efficiency (V) for the given wavelength 
to give the relative photometric transmission at that wavelength. The sum of 
all the relative photometric transmission values yielded the total relative 
photometric flux passed by each lens. 
Three different pairs of red-green glasses were analyzed, American Optical 
and Bernell glasses which were brand new and a pair of Brock/Keystone TM red-
green glasses (see Appendix I) in nearly new condition. 
The 540nm filter was found to be defective so the transmission at this 
wavelength was determined by a second method. The tungsten light source was 
filtered by an Oriel (filter) monochromater set at 540nm. The slit width was 4mm 
giving a band pass of approximately 26 nm. A UDT 10A radiometer system with a 
PIN 100 silicon probe was utilized, 
To stabilize and control the output of the tungsten source, a voltage regulator 
was connected to a variable voltage transformer. The transformer was set at 115V 
throughout the testing. In addition, a fixed aperture was placed over the probe 
before each measurement to ensure a constant area of measurement. This aperture 
also ensured that for each sample, the same area on the detector would be used. 
These precautions were taken for both the relative photometric flux measurements 
and the contrast measurements. 
Contrast measurements also utilized the interference filters mentioned 
above. The 400nm filter was excluded due to low transmission and very low V 
(.004) at this wavelength. Transmission was measured through the red lens on 
clear acetate, the red lens on green acetate and the red lens on red acetate 
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at each of the wavelengths. Corresponding values were •also taken for the green 
lens. The values were taken using the Tektronix J-16 detector system with 
J6512 radiometric probe. This time the percent transmittance at each wave-
length for each category was multiplied by the corresponding V and the sum of 
the values was taken. This sum represents the total relative luminous photo-
metric output. The contrast provided by the red lens when looking at the green 
acetate and by the green lens when looking at red acetate was then calculated by 
the formula C=l-L2/L1 where C =contrast, L2 =Lower relative luminous output 
(detail) and L1 =higher relative luminous output (surround). The same data was 
also used to calculate the contrast of the ghost image (bleed through); that is, 
the contrast provided by the green lens when looking at the green acetate and 
the contrast provided by the red lens when looking at the red acetate. 
Again values at wavelength 540nm had to be determined by an alternate 
method. This time a xenon light source and grating monochromater set at 540nm 
were used. A UDT 11A detector system with a UDT radiometric probe was used also. 
Bandpass, based upon slit width used, was approximately 10nm. 
The American Optical, Bernell and Brock red-green glasses were again tested 
in conjunction with five different anaglyphic slides. The slides utilized were 
Bernell's BC 1316 red/green bar reading unit, a Bernell BC/906 tranaglyph tele-
~( ·· 
vision stereotrainer, Bernell slide BC/52 tranaglyph orthoptic, a keystone view 
lifesaver card (#4106), and anaglyphic rabbits (#2C} from the Brock technique 
of strabismus training (keystone view TM 6103). 
Results & Discussion 
With all three pairs of red-green glasses the relative photometric flux passed 
by the green lens was higher than that passed by the red. The American Optical 
glasses had a 15.3% difference* between the red and the green lens. The Bernell 
* See Appendix II for method of calculation used. 
glasses had a 33.1% difference. The Brock glasses had a 26.2% difference. 
Therefore, when viewing anahlyphic materictl through any of the above one 
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might expect interference with binocular vision due to unequal retinal illumina-
tion and an enhancement of suppression tendencies in the eye looking through the 
red lens. 
Contrast was also higher through the green lens when viewing the red acetate 
than it was for the red lens viewing the green acetate. (See Table I). This was 
true for all the glasses with every anaglyph or tranaglyph tested. Again this 
would lead one to expect an enhancement of suppresison tendencies when looking 
through the red lens. 
The contrast of the ghost images was also higher through the green lens 
(Table I). This does not directly affect suppression, but it does decrease the 
quality of the binocular response (i.e. decrease in stereovision).s Ideally we 
would like the contrast of the ghost image to be zero. Unfortunately the authors 
could not find any literature that quantifies the contrast of the ghost image 
necessary to affect binocular vision. 
The age of the materials used deserves consideration. Anaglyphic materials 
tend to fade with exposure to light. 9 All anaglyphs and tranaglyphs used were 
about one year old with the exception of the Brock rabbits and glasses which were 
about four years old. However, this Brock kit was stored in an covered box and 
was very rarely used, hence it had little exposure to light. The anaglyphs and 
~ranaglyphs too were stored in a light tight closet and had been rarely used. The 
Bernell and American Optical glasses were brand new, but even light at the manufac-
turers or the store in which they were purchased could affect their condition. 
This factor is hard to control but the samples used probably represented the con-
dition of materials used by most optometrists. 
Results of this study confirmed the suspicions of many optometrists that 
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red-green anaglyphic materials currently marketed can affect binocular vision 
by altering the equality of retinal illuminance of images received by each eye 
and may possibly precipitate, exacerbate or ameliorate suppression tendencies. 
Two other factors, ghost images and lateral chromatic abberations of the eye, 
could also possibly affect the quality of binocular vision. Clinicians should 
be aware of these possibilities and try to avoid them. Unfortunately, some 
diagnostic tests such as the Brock posture campimeter and the Hallden test 
require the red lens to be placed over the amblyopic or deviating eye. 
One way around the problem is to increase the utilization of polarizers. 
Each eye would receive equal retinal illumination and equal contrast of the 
target. The ghost images produced by polarizers are a drawback but these can 
be minimized by monitoring headtilt. 
Anaglyphic material will continue to be important for both testing and 
training in an optometric practice. Until better materials are developed 
optometrists should be aware of the problems with anaglyphs and polarizers 
and make necessary adjustments to counteract their negative aspects. 
Appendix I 
Red-green glass e s from Brock Technique of Strabismus Training, number 6103. 
Manufactured by keystone view ™, division of Mast Development Co., 2212 
East 12th Street, Davenport, Iowa 52803. 
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Appendix I t 
Unbiased percent difference between x and y: 
1. Aver = (x+y)/2 
2. Difference between average and either x or y is ((x+y)/2) - x 
3. Ratio of difference to average is [((x+y)/2)-x]/(x+y)/2 
4. Simplify: [((x+y)/2)-x]/(x+y)/2 = [((x+y)/2)-(2x/2)]/(x+y)/2 (y-x)/(x+y), and 
5. Percent difference= 100[(y-x)/(x+y)]. Sign is unimportant. 
For example, if x = 3.99 andy= 5.43, unbiased percent difference (UPD) 
100 [(5.43-3.99)/(5.43+3.99)] = 15.3% 
Table I 
CONTRAST (PerCent) 
American Optical Bar Reader BC/52 TV Trainer Rabbits Life Savors 
red lens on green acetate 57. 1 1 1 • 5 22.0 1 5. 4 1 3. 9 
green lens on red acetate 73.7 21.8 24.7 40.9 24.9 
red lens on red acetate 1 0. 1 0.2 3.3 2.5 3.0 
green lens on green acetate 18.6 -0.3 4.4 6. 1 7.8 
Bernell 
red lens on green acetate 66.8 1 4. 3 25.9 20.1 1 8. 9 
green lens on red acetate 86.2 25.9 34.8 51.8 43.7 
red lens on red acetate 1 3. 7 0.5 2.9 5. 1 4.0 
green lens on green acetate 30.4 -2.8 8.8 5.5 1 4. 8 
Brock 
red lens on green acetate 57.5 11.4 20.4 15.9 1 7. 1 
green lens on red acetate 7 9. 1 23.4 31.5 43.6 37.7 
red lens on red acetate 1 2. 8 0.9 2.2 3.9 4.3 
green lens on green acetate 2 0. 1 -0.9 8.9 4.5 1 8. 6 
7 
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